ABSTRACT. Polymorphonuclear neutrophil (PMN) leukocytes are primary phagocytic cells of the bovine mammary gland and a first line of defense against invading pathogens during bovine mastitis infection. Cluster of differentiation 14 (CD14) is mainly expressed in macrophages and neutrophils and acts as a co-receptor that binds bacterial lipopolysaccharide (LPS) and recruits PMNs to CD14-LPS complexes in mammary epithelial cells. In this study, we identified a novel splice variant in PMNs, named CD14-SV, characterized by a deleted region from c.143-579 nt compared to the CD14 reference mRNA sequence. Moreover, a single nucleotide polymorphism (c.523 A>G) in exon 2 of CD14 was identified and found to modify the secondary structure and hydrophilicity of the CD14 protein. Association analysis also showed that the milk somatic cell score, an indicator of mastitis, of cows with the GG genotype was lower than that of cows with the AA and AG genotypes. Our findings suggest that the expression of CD14 in bovine blood PMNs is regulated by alternative splicing, and that CD14-SV is a candidate functional marker that may influence mastitis-resistance in dairy cows.
INTRODUCTION
Mastitis is inflammation of breast tissue, and is responsible for huge economic losses in the dairy industry owing to its high incidence and the harm it causes. Mastitis not only reduces milk yield and impairs lactation in cows, it also affects milk quality and causes harm to human health. Approximately 90% of mastitis cases are caused by Streptococcus, Staphylococcus aureus, and Escherichia coli infections, and worldwide, annual losses due to mastitis infection are up to $35 billion (Wellenberg et al., 2002) . Although comprehensive prevention and control measures involving in the treatment of mastitis with antibiotics have been effective, these measures have led to the presence of drug residues in milk, the emergence of resistant bacterial strains, decreased milk quality, and have increased the cost of treatment.
At the early stage of tissue infection, innate immune responses are triggered, involving a variety of immune cells including macrophages, monocytes, and polymorphonuclear neutrophil (PMN), leukocytes, which are highly coordinated and comprise the first line of defense against the invading pathogens (Sibille and Reynolds, 1990; Silva, 2010) . In healthy breast tissue, macrophages have leading and sentinel roles against foreign pathogens. However, when "invaders" are detected in breast tissue, immune cells release cytokines, which cause the subsequent migration of PMNs from the blood to the site of inflammation where they can kill the pathogens, representing a hallmark of the early immune response to infection (Paape et al., 2002; Zhang et al., 2015) . Therefore, the number of effective PMNs is extremely important for immune defense in breast tissue. Molecular and conventional breeding methods have been used to select favorable mastitis resistance genes, or their genotypes, for use in genetic programs aiming to improve the ability of communities to resist mastitis, which is considered one of the best long-term strategies to reduce the incidence of mastitis (Heringstad et al., 2000; Zhang et al., 2015) .
Alternative splicing, a basic and important eukaryotic regulatory mechanism, can generate alternatively spliced isoforms. This can affect the function and intracellular distribution of proteins, which is important during cellular differentiation and development, for physiological functions, and in pathological states (Eizirik et al., 2012; Gilboa-Geffen et al., 2012) . In previous studies we showed that immune-related genes play important roles in bovine mastitis via alternative splicing (Huang et al., 2011; Hou et al., 2012; Li et al., 2013; Wang et al., 2014; Zhang et al., 2015) . Cluster of differentiation 14 (CD14) is located on monocytes, macrophages, neutrophils, and plasma cells. It binds lipopolysaccharide (LPS) on the surface of Gram-negative bacteria, and peptidoglycan (PGN) and lipoteichoic acid (LTA) on the surface of Gram-positive bacteria. The CD14-LPS complex then recruits PMNs to sites of inflammation and subsequently reduces breast damage caused by endotoxin (Sladek and Rysanek, 2006) . Transgenic animals expressing soluble CD14 protein are protected against mammary gland infections caused by Gram-negative bacteria (Paape et al., 2002; Bannerman et al., 2003) . Therefore, we hypothesized that CD14 expression might be regulated by alternative splicing and that it may have critical roles during mastitis caused by Escherichia coli infection in dairy cows.
In this study, we identified a novel CD14 splice variant by RT-PCR and analyzed the molecular mechanism that generated this variant. In addition, we identified a functional single nucleotide polymorphism (SNP) c.523 A>G in the CD14 gene and used bioinformatics to predict its potential functional significance. Association analysis between CD14 genotypes and milk somatic cell score (SCS) indicated that the c.523 A>G-G allele could be used as a potential functional marker for breeding mastitis-resistance in dairy cows. These results suggest that alternative splicing of CD14 and its SNP could have important roles in the infection of mammary tissues.
MATERIAL AND METHODS

Animals and samples
Mammary tissue samples were obtained from first lactation Chinese Holstein cows from a standardized slaughter company in Jinan, Shandong, China. Healthy cows without clinical signs, such as redness, swelling, heat, or pain, were sampled. If the cows presented clinical symptoms and were found to have E. coli infection by positive bacterial culture, they were defined as having mastitis. Blood was collected from a vein in the mammary region of four healthy cows and four cows with mastitis, following the manufacturer protocol (TBDsciences, Tianjin, China). PMNs were then extracted from blood using a previously described protocol (Zhang et al., 2015) . The isolated PMNs were subsequently identified using the Wright-Giemsa dye method (Yue et al., 2014) .
Cloning of the CD14 coding region and identification of splice variants
Total RNA was isolated from the extracted PMNs and cDNA was synthesized using random primers. A specific primer pair (CD14F: 5'-TAAAGGA AAGAATCCACAGTCCA-3', CD14R: 5'-CTGTTTAAGATTTTAATAAGGATGGG-3') designed by the NCBI Primer designing tool (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) was used to amplify the mRNA sequence of the CD14 gene. PCR was performed as previously described (Wang et al., 2012) . In brief, the following program was used: 4 min at 94°C, followed by 35 cycles of 94°C for 30 s, between 60° and 68°C designed 8 temperature gradients for 30 s, and 72°C for 1 min, and final extension at 72°C for 2 min. PCR products were detected by electrophoresis on 2% agarose gel. Finally, PCR products were purified, isolated, and cloned into the pEASY-T3 Vector (TransGen, Beijing, China), which were sent to BGI company (Beijing, China) for sequencing. The splice variant was identified and confirmed as previously described (Hou et al., 2012) .
Real-time quantitative PCR detection
Differences in the expression of CD14 in PMNs extracted from healthy cows and those with mastitis were investigated by RT-qPCR. The expression level in each individual was normalized using the housekeeping gene β-actin. The RT-qPCR primer pairs for CD14 and β-actin were as follows: CD14F1: 5'-AACTGACGCTTGAGGACCTG-3', CD14R1: 5'-GGACAG AGAGCTGCCATCAG-3'; β-actinF: 5'-GCACAATGAAGATCAAGATCATC-3', β-actinR:
5'-CTAACAGTCCGCCTAGAAGCA-3'. The reaction conditions were as follows: 94°C for 5 min; 40 cycles at 94°C for 15 s; 60°C for 5 s. Relative levels of gene expression were determined using the 2 -∆∆Ct method, as previously described (Wang et al., 2012) .
Bioinformatics analysis
To determine why CD14 produced a novel splice variant, we analyzed the sequence characteristics of the CD14-SV splice variant using SROOGLE software online (http://sroogle.tau.ac.il/). The secondary structure and hydrophilicity of CD14 protein was predicted by DNAStar Protean software using the Garnier-Robson method (Cheng et al., 2012) .
Statistical analyses
Associations between CD14 genotypes and SCS of cows were analyzed by the least squares method as applied in the GLM procedure of SAS 9.0. A modified procedure for the association analysis based on a previous report (Wang et al., 2014) was as follows:
where Y ijklmn was the observed value; µ was the overall mean; F i was the fixed effect of farm; G j was the fixed effect of genotype; S k was the fixed effect of sire; E l was the fixed effect of season; P m was the fixed effect of parity; e ijklmn was the random residual effect. Values of P < 0.05 were considered significant.
RESULTS
Identification of the CD14 splice variant, CD14-SV
PMNs were isolated from blood taken from the mammary veins of cows ( Figure  1) , and mRNA was extracted and subjected to RT-PCR analysis. Specific primers based on the NCBI CD14 mRNA reference sequence (NM_174008.1), named CD14F and CD14R and located in the 5' untranslated region (5'UTR) and 3'UTR, respectively, were used to amplify the coding region of the bovine CD14 gene using cDNA from blood neutrophils. Interestingly, in addition to the expected 1312-bp PCR product, a smaller band was detected by electrophoresis on 2% agarose gel (Figure 2 ), which indicated a potential novel splice variant of the bovine CD14 gene.
To verify the putative splice variant of the bovine CD14 gene, we extraction, cloned, and sequenced the smaller band. As a result, a new splice variant, named CD14-SV, was identified by analysis of the BLAST alignment. CD14-SV was found to lack part of the sequence (c.143-579 nt) of the CD14 mRNA (Figure 3) . 
Expression of the CD14 gene in PMN
Relative expression of CD14 in PMNs isolated from four healthy cows and four cows with mastitis caused by E. coli was investigated by RT-qPCR using CD14F1 and CD14R1 primers. The results showed that PMNs isolated from cows with mastitis expressed CD14 at higher levels (6.36-fold) than those isolated from healthy cows (Figure 4) . 
Analysis of the CD14 alternative splicing
The above results showed that the sequence of CD14-SV was 143-579 nt shorter than that of the complete CD14 mRNA. To investigate how the novel splice variant CD14-SV was produced, SROOGLE software was used to predict the sequence characteristics of the CD14 gene. Interestingly, close to c.143 and c.579 nt, the shorter CD14-SV mRNA sequence was predicted to contain DNA elements and regulatory protein combing sites involved in alternative splicing, including a branch site, a polypyrimidine tract, and 3' and 5' splice sites, as well as other splice sites ( Figure 5 ). Our findings indicate that these could contribute to the production of CD14-SV. Analyses were performed in triplicate.
Functional significance of the single nucleotide polymorphism
Following amplification of the CD14 gene using the CD14F and CD14R primers, we identified a SNP, c.523 A>G, in exon 2 ( Figure 3B ), which encoded a missense mutant (Pro.175 Asn>Asp) (Figure 6 ). Furthermore, the secondary structure and hydrophilicity of the CD14 protein was predicted by DNAStar Protean software using the GarnierRobson method. Interestingly, the amino acid change at position 175 in allele G (Asn → Asp), resulted in the secondary structure of CD14 presenting a longer ɑ-helix, a shorter β-pleated sheet, with no change in hydrophilicity. These data suggest that this SNP affects CD14 protein structure. 
Relationship between different genotypes and milk SCS in cow
During mammary gland infection, somatic cells enter the milk; therefore, somatic cell count (SCC) is considered to be an indicator of dairy cow mastitis (Koivula et al., 2005) . However, SCC is often converted into SCS owing to the usual skewness of its distribution frequency (Huang et al., 2010) . To determine whether the SNP in CD14 plays a role in resistance to mastitis in dairy cows, we genotyped 300 Chinese Holstein for this SNP using the CD14F1 and CD14F1 primers by direct sequencing. The association analysis performed between different genotypes and SCS in 300 Chinese Holstein cows revealed that the frequencies of the A-and G-alleles were 55 and 45%, respectively. Moreover, cows with the GG genotype showed a relatively lower SCS than those with the AA and AG genotypes (P < 0.05) ( Table 1 ), indicating that the G-allele in the c.523 position might have positive effects on mastitis resistance in cows.
Different superscript letters denote differences at P < 0.05. 
DISCUSSION
During infection, PMNs migrate from the circulation to the lumen of the mammary gland, acting as a first line of defense against the invading pathogens (Kobayashi et al., 2003; Appelberg, 2007) . CD14 recruits PMNs to sites of inflammation where they subsequently reduce tissue damage; therefore, CD14 plays a crucial role in infection and inflammation (Ziegler-Heitbrock, 2007) . In this study, we found that the CD14 gene was expressed at significantly higher levels in blood PMNs from cows with mastitis than in those from healthy cows. Additionally, we identified a novel splice variant, named CD14-SV, in PMNs isolated from cattle blood, as well as a SNP (c.523 A>G) in the CD14 gene.
The process of gene pre-mRNA splicing is complex, and involves many small nuclear ribonucleoprotein particles and other non-snRNP splicing factors (Blencowe, 2000; Smith and Valcárcel, 2000; Cáceres and Kornblihtt, 2002) . Additionally, conserved DNA sequences are also required for alternative gene splicing, which include the 5' splice site, branch site, pyrimidine tract, and 3' splice site (Hastings and Krainer, 2001; Wahl et al., 2009) . In the present study, we used bioinformatics to predict the sequence characteristics of the CD14 gene to better understand the origin of the splice variant, CD14-SV. Interestingly, the results revealed potentially conserved DNA elements and regulatory protein combing sites, including a branch site, polypyrimidine tract, and 3' and 5' splice sites, and other protein splice sites that could be associated with the alternative splicing of CD14, close to the c.143 and c.579 nt splicing sites of CD14-SV. Previous studies, including our report, showed that short conserved DNA elements are required for constitutive gene splicing (Wahl et al., 2009; Wang et al., 2014) . These analyses suggested that potential factors within the sequence of the CD14 gene could be responsible for the production of the splice variant, CD14-SV.
Moreover, to verify whether the exonic SNP altered the structure or function of the CD14 protein, we analyzed the coding amino acids corresponding to the A and G allele at position c.523 and identified Asn and Asp, respectively. Furthermore, secondary structure and hydrophilicity of the CD14 protein with different amino acids were predicted by DNAStar Protean software. These analyses revealed that the secondary structure of CD14 containing Asn → Asp had an additional ɑ-helix and lacked a β-pleated sheet. Recent evidence has indicated that SNPs can cause diseases by affecting the secondary structure of proteins (Kusuma et al., 2011; Al Rayyan et al., 2013; Roosing et al., 2013) . To further investigate the functional significance of this SNP in bovine mastitis, we performed an association analysis between different genotypes and SCS. The results showed that cows with the GG genotype had lower SCS compared to those with the AA and AG genotypes. These data suggest that the GG genotype might play an important role in mastitis-resistance, and that it could be used as a functional molecular marker in dairy cow breeding.
In conclusion, we have identified a novel splice variant of the bovine CD14 gene, named CD14-SV, and analyzed the potential reason for its production using bioinformatics. In addition, we identified a novel SNP and used bioinformatics to predict its functional significance, and association analyses to investigate the relationship between genotype and SCS. These results require further experimental confirmation. This study provides evidence that alternative gene splicing is influenced by characteristics of conserved sequences, confirms the important role of SNPs in exonic gene regions, and provides a potential marker for molecular breeding against mastitis in dairy cow farming.
